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FLIGHT  TESTING  OF  TWO  ALLISON  T56 
ENGINES  MODIFIED  TO  THE  ARL  DEVELOPED 
LOW  SMOKE  CONFIGURATION 


by 

P.N.  Doogood 


SUMMARY 


Two  further  Allison  T56  engines  have  been  modified  to  the  ARL  de\'eloped  low  smoke 
configuration  and  placed  "on  wing"  of  separate  RAAF  P-3C  Orion  aircraft  for  extensive 
flight  testing.  The  initial  tests  are  reported  in  this  document  and  it  is  concluded  from  these 
that  the  modification  has  had  no  adverse  effect  on  the  performance  of  the  engine. 
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Nine  months  after  the  first  Allison  T56  Engine  modified  to  the  ARL  Low 
Smoke  configuration  went  on  to  the  wing  of  P-3C  Orion  A9-661  (Reference  1), 
the  engine  had  logged  over  550  hours  in  normal  squadron  operations  without 
incident  (Figure  1). 

Two  further  engines  were  subsequently  modified  and  placed  on  P-3C 
aircraft  A9-756  and  A9-751  in  numbers  3  and  4  positions  respectively.  This 
document  describes  the  successful  flight  testing,  and  qualification  for  normal 
operations,  of  both  these  engines. 


2.  THE  ENGINES 

The  T56  engine  has  been  described  in  detail  in  previous  ARL 
publications  (References  2  and  3)  on  smoke  reduction.  The  engines  referred  to 
here,  Serial  No  AE112245  and  AE110351,  are  both  T56-A-14  Series  III  types. 
They  were  taken  from  the  hot  end  overhaul  line  at  Qantas  Maintenance  Base  in 
Sydney  and  in  standard  form  were  calibrated  for  smoke  emission  in  that 
Company’s  Prop-Jet  Test  Cell  (Figure  2). 

The  combustion  chambers  were  removed  and  modified,  and  the  engines 
reassembled.  The  smoke  emission  tests  were  then  repeated  in  the  Qantas  Test 
Cell  (Reference  4). 


3.  FLIGHT  TESTING  PLAN 

The  original  plan  for  flight  testing  of  these  two  engines,  as  proposed  by 
the  Royal  Australian  Air  Force  (RAAF)  Aircraft  Research  and  Development 
Unit  (ARDU),  had  called  for  testing  of  both  engines,  before  and  after 
modification,  on  the  one  aircraft  in  numbers  2  and  3  position  to  measure  engine 
performance.  For  a  number  of  reasons  these  ARDU  test  flights  were 
rescheduled  for  the  middle  of  1990. 

In  the  interim,  the  two  engines  were  released  to  492  Squadron  at  the 
RAAF  Base  Edinburgh,  South  Australia  to  be  installed  in  modified  form  in 
aircraft  during  normal  engine  changes.  This  was  to  be  done  at  the  RAAF  unit’s 
convenience  in  any  of  numbers  2,  3  or  4  positions.  Subject  to  successful 
completion  of  a  test  flight  schedule,  which  was  based  on  the  standard  post 
installation  test  flight  plan  designed  to  test  the  operability  and  behaviour  of  the 
modified  engines  over  the  entire  flight  envelope,  the  engines  would  be  released 
for  normal  squadron  operations  to  provide  increased  confidence  of  flight  crews 
in  the  reliability  of  the  modification. 

The  test  flight  schedule  was  to  prove  operational  integrity  of  the  modiiied 
engines  once  fitted  to  aircraft;  Air  Eng  2B  Office  of  RAAF  Headquarters 
Logistic  Command  and  Aeronautical  Research  Laboratory  (ARL)  formulated 
the  additional  maintenance  test  flight  requirements  with  assistance  from  various 
RAAF  personnel.  These  requirements  were  based  on  the  safety  of  flight  checks 
carried  out  by  RAAF  92  Wing  on  the  first  modified  engine  on  A9-661  as 
reported  in  Reference  1. 
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The  additional  tests  incorporated  in  the  maintenance  test  flights  for 

modified  engines  were: 

a.  Relight  checks  at  1,000,  15,000  and  25.000  feet.  The  modified  engine  is  to 
be  shut  down  and  cold  soaked  for  30  minutes  before  restarting.  Restarts 
should  be  at  the  maximum  allowable  restart  airspeed  (minus  15  kts  at 
1,000  feet  to  minimise  the  chance  of  propeller  decoupling  occurring). 

b.  The  aircraft  is  to  be  subjected  to  flight  manoeuvres  at  selected  points  in 
the  aircraft  flight  envelope. 

c.  Maximum  reverse  thrust  power  is  to  be  used  on  the  modified  engine  on 
landing. 

d.  The  aircraft  is  to  be  taxied  through  the  aircraft  washing  facility  (birdbath) 
with  the  modified  engine  operating. 

Throughout  the  tests,  engine  behaviour  was  monitored  by  visual 
observation  and  by  video  recording  of  the  cockpit  engine  instruments. 


4.  FIRST  FLIGHT  TEST 

The  first  engine  in  the  current  tests  to  go  "on  wing"  was  No  AE1 12245  and  it  was 
installed  into  number  3  position  on  P-3C  A9-756.  The  flight  was  scheduled  for 
1000  hours  on  9  March  1990  but  it  was  delayed  until  1145  hours  on  the  10th. 


The  crew  for  the  flight  was: 

CAPTAIN  -  Flight  Lieutenant  Kris  Kxawinkel, 

CO  PILOT  -  Flight  Lieutenant  Ross  Langley, 

FLIGHT  ENGINEERS  -  Warrant  Officer  Dave  Jones  and  Sergeant  Lex 
Glasby, 

ARL  FLIGHT  TEST  OBSERVER  -  Mr  Peter  Doogood. 


Take  off  was  normal  as  was  the  climb  to  10,000  ft  where  the  standard  post 
installation  engine  shut  down  tests  were  carried  out.  These  tests  were  incident 
free  but  shortly  after  the  engine  was  restarted  for  the  second  time,  W/O  Jones 
noticed  oil  leaking  from  the  labyrinth  seal  bleed  and  running  over  the  top  of  the 
wing.  After  a  brief  discussion  with  the  Captain,  the  engine  was  shut  down  again 
and  the  aircraft  returned  to  Edinburgh  where  it  landed  on  three  engines  at  1330 
hours. 


The  engine  fault  was  found  to  be  minor  and  was  quickly  corrected;  the 
test  flight  resumed  at  1500  hours  with  a  climb  to  25000  ft.  at  which  the  modified 
engine  was  again  shut  down.  The  aircraft  circled  until  the  turbine  inlet 
temperature  (TIT)  on  the  test  engine  was  reduced  to  28JC.  Figure  3  is 
reproduced  from  the  video  record  of  cockpit  instruments  at  this  condition.  With 
the  aircraft  flying  at  170  knots  the  propeller  was  un-feathered  and  allowed  to 
windmill  up  to  a  stable  r.p.m.  when  tne  fuel  and  ignition  were  switched  on.  The 
engine  fired  up  with  TIT  rising  quickly  to  700°C  and  then  settling  back  to  535°C. 
Table  1  contains  a  collation  of  relevant  engine  data  recorded  dunng  these  t<-  is. 
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The  above  test  was  successfully  repeated  at  15000  ft  and  1000  ft;  between 
these  levels  (8000  ft)  the  aircraft  was  stalled  and  recovered  and  the  modified 
engine  behaved  exactly  as  the  others,  showing  no  tendency  to  flame  out  or  lose 
power. 


The  aircraft  returned  to  Edinburgh  at  1730  hours,  where  the  test  engine 
successfully  underwent  the  reverse  thrust  and  water  ingestion  tests. 


5.  SECOND  FLIGHT  TEST 

The  second  engine.  No.  A1 10351,  was  installed  in  the  number  4  position 
on  aircraft  No.  A9-751  and  was  to  fly  at  1000  hours  on  16  March  but  the  flight 
was  delayed  due  to  failure  of  the  emergency  shut-down  cable. 

The  aircraft  was  declared  serviceable  on  21  March  and  the  flight 
commenced  at  1500  hours  on  that  day. 


The  crew  for  the  flight  was: 

CAPTAIN  -  Wing  Commander  Jim  Brown, 

CO-PILOT  -  Flight  Lieutenant  Norm  Gallagher, 

FLIGHT  ENGINEERS  -  Sergeant  Peter  Robjent  and  Sergeant  Andy 
Ortlepp, 

ARL  FLIGHT  TEST  OBSERVER  -  Mr  Peter  Doogood. 


Prior  to  take-off  an  additional  test  which  had  not  been  carried  out  in 
previous  trials,  the  "taxi  start",  was  undertaken.  This  requires  the  aircraft  to  taxi 
down  the  runway  at  high  speed,  initially  with  the  test  engine  shut  down.  The 
propeller  is  un-feathered  and  the  engine  windmills  up  to  starting  r.p.m.  when  fuel 
and  ignition  systems  are  activated  to  start  the  engine.  This  test  was  successfully 
carried  out.  Take-off  was  normal  and  at  an  altitude  of  8000  ft  the  standard 
engine  change  tests  were  performed  successfully. 

The  aircraft  was  then  taken  to  25000  ft,  the  test  engine  shut  down  and 
cold  soaked  (Figure  4).  After  half  an  hour  the  H  i  was  down  to  26°C;  the  Co- 
Pilot  and  Flight  Engineer  then  began  the  checks  for  a  restart.  The  restarts  were 
carried  out  without  incident  at  180  knots  although  the  Captain  did  comment  on  a 
slight  lag  in  the  time  taken  for  the  TIT  to  stabilise  at  480°C.  The  test  was 
repeated  with  a  Ill  of  70°C  and  on  this  occasion  the  apparent  lag  did  not 
reoccur. 

The  aircraft  then  entered  a  high  speed  descent  at  300  knots  to  15000  ft 
with  the  TIT  on  the  test  engine  rising  to  1084°C  and  the  indicated  horse  power  to 
3800. 


Again  at  15000  ft  the  engine  was  cold  soaked  down  to  a  TIT  of  22°C.  The 
times  after  relight  to  760°  peak  and  500°  stable  temperatures  (Table  2)  were 
again  well  within  limits  according  to  the  Captain.. 
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At  12000  ft  the  Captain  reduced  the  airspeed  of  the  aircraft  to  120  knots 
where  the  aircraft  was  stalled,  resulting  in  some  shaking  from  turbulence.  This 
manoeuvre  had  no  effect  on  number  4  engine  which  was  pushed  to  1020°  TIT 
and  3500  HP  during  the  recovery.  Once  again  the  aircraft  was  put  into  a  high 
speed  descent  at  300  knots  and  during  this  manoeuvre  the  number  four  engine 
was  throttled  back  to  flight  idle  power  with  a  TIT  of  550°  indicated.  This  test  was 
carried  out  to  explore  for  lean  extinction;  the  engine,  however,  remained  stable 
throughout  the  manoeuvre. 

The  cold  soak  test  at  1000  ft  was  done  at  210  knots  and  was  again  quite 
successful,  as  was  the  use  of  maximum  reverse  thrust  on  the  test  engine  when  the 
aircraft  landed  at  1730  hrs.  After  landing,  the  aircraft  taxied  into  the  "birdbath" 
and  the  test  engine  was  subjected  to  the  full  water  ingestion  test.  It  ran  at 
ground  speed  idle  ( I'l  l'  610°C)  and  remained  stable  throughout. 


6.  CONCLUSIONS 

These  engine  flight  tests,  together  with  that  previously  carried  out  in  in 
June  1989,  have  shown  that  the  modifications,  made  to  the  combustors  to  reduce 
smoke  emission  from  the  T56  engine,  have  no  negative  effects  on  the  engine 
operability  and  behaviour. 

The  extreme  flight  manoeuvres  carried  out  in  the  tests  were  designed  to 
test  the  tolerance  of  the  modified  engine  to  inlet  flow  distortion;  in  particular  to 
detect  any  tendency  to  flame-out.  At  no  stage  in  the  flights  did  this  occur  and  the 
Captains  of  both  aircraft  expressed  their  complete  confidence  in  the  test  engines. 
Elapsed  times  between  cold  soaking  and  stable  ITFs  after  relight  (Tables  1  and 
2)  were  well  within  tolerance,  and  windmill  starting  and  full  reverse  thrust 
performances  were  normal. 
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FIGURE  1 .  P3-C  ORION  A9-661 


FIGURE  2.  T56  ENGINE  No  AE1 12245 


FIGURE  4.  SECOND  TEST  FLIGHT  COLD  SOAK  No  4  ENGINE  AT  25,000  Ft. 


DISTRIBUTION 


AUSTRALIA 

DEPARTMENT  OF  DEFENCE 

DEFENCE  CENTRAL 
Chief  Defence  Scientist 

AS,  Science  Corporate  Management  (shared  copy) 

FAS,  Science  Policy  (shared  copy) 

Director.Departmental  Publications 

Counsellor, Defence  Science, London  (Doc  Data  sheet  only) 

Counsellor, Defence  Science, Washington  (Doc  Data  sheet  only) 

SA  to  the  Thailand  Military  R  and  D  Centre  (DocData  sheet  only) 

SA  to  the  D  R  C  (Kuala  Lumpur)  (Doc  Data  sheet  only) 

OIC  TRS,  Defence  Central  Library 
Document  Exchange  Centre,  DISB  (18  copies) 

Joint  Intelligence  Organisation 

Librarian  H  Block,  Victoria  Barracks,  Melbourne 

Director  General  -  Army  Development  (NSO)  (  4  copies) 

Defence  Industry  and  Materiel  Policy,  FAS 

AERONAUTICAL  RESEARCH  LABORATORY 
Director 
Library 

Chief  -  Flight  Mechanics  and  Propulsion  Division 

Head  -  Propulsion  Branch 

Branch  File  -  Propulsion 

Author:  P.  N.  Doogood 

D.E.  Glenny 

F.W.  Skidmore 

MATERIALS  RESEARCH  LABORATORY 
Director/Library 

DEFENCE  SCIENCE  &  TECHNOLOGY  ORGANISATION  -  SALISBURY 
Library 

ELECTRONICS  RESEARCH  LABORATORY 
Chief,  Electronic  Warfare  Division 

NAVY  OFFICE 

Navy  Scientific  Adviser  (3  copies  Doc  Data  sheet) 

Arcraft  Maintenance  and  Flight  Trials  Unit 
RAN  Tactical  School,  Library 

Director  Naval  Engineering  Requirements  -  Aviation  Systems 
Director  Arcraft  Systems  Engineering  -  Navy 
Director  of  Naval  Air  Warfare 


ARMY  OFFICE 

Scientific  Adviser  -  Army  (Doc  Data  sheet  only) 

Engineering  Development  Establishment,  Library 

AIR  FORCE  OFFICE 
Air  Force  Scientific  Adviser 
Aircraft  Research  and  Development  Unit 
Scientific  Flight  Group 
Library 

Engineering  Branch  Library 
Director  General  Engineering  -  Air  Force 
Director  General  Air  Warfare  Plans  and  Policy 
AHQ  [SMAINTSO] 

HQ  Logistics  Command 
SLENGO 
AIRENG2 
AIRENG2B 
RAAF  Base  Edinburgh 
Officer  Commanding 
CO  10  Squadron 
CO  1 1  Squadron 
CO  292  Squadron 
CO  492  Squadron 
RAAF  Base  Richmond 
Officer  Commanding 
CO  486  Squadron 

RAAF  Technical  Liason  Officers 
SON  LDR  M,  Sykes  (NAVAIR) 

SON  LDR  Nolan  (Tinker  AFB) 

SQN  LDR  P.D.  Lanagan  (Robins  AFB) 

SQN  LDR  G.  Squires  (McClennan  AFB) 

HQ  ADF 

Director  General  Force  Development  (Air) 

STATUTORY  AND  STATE  AUTHORITIES  AND  INDUSTRY 
Aerospace  Technologies  of  Australia  P/L  -  Manager/Library  (2  copies) 
Arnett  Airlines  of  Australia,  Library 
Australian  Arlines,  Library 
Qantas  Arways  Limited 
Library 

Senior  Power  Plant  Engineer 
J.  King 

Civil  Aviation  Authority 

UNIVERSITIES  AND  COLLEGES 

Newcastle 
Library  ( 2  copies) 

NSW 

Library,  Australian  Defence  Force  Academy 


BELGIUM 

CO  Airstaff,  Technical  Branch  -  VDT/F  (Lt  J.F.  Andre) 

CANADA 

International  Civil  Aviation  Organization,  Library 
National  Defense  Headquarters,  Capt  R.  La  Grandeur 

NRC 

Aeronautical  &  Mechanical  Engineering  Library  (2  copies) 
Division  of  Mechanical  Engineering,  Library  (2  copies) 

Gas  Dynamics  Laboratory  (2  copies) 

ISRAEL 

Israel  Airforce  HQ 
Z.  Moshe 
B.  Schatz 

JAPAN 

KHI  Engineering  and  Programs,  Manager 

NETHERLANDS 

RNLN 

Lt  H.  Vanderkloster 
Lt  R.  Dorsman 

National  Aerospace  Laboratory  [NLR],  Library 

NEW  ZEALAND 

Defence  Scientific  Establishment,  Library 
RNZAF 

SQN  LDR  P.  Guy 
WO  O.  Cuncliff 

Transport  Ministry,  Airworthiness  Branch,  Library 

SINGAPORE 

OC  Air  Logistics  Department,  Ministry  of  Defence 

SPAIN 

OC  Spanish  Air  Force  HQ 
SWEDEN 

Aeronautical  Research  Institute,  Library 
Swedish  National  Defense  Research  Institute  (FOA) 

SWITZERLAND 

F  +  W  (Swiss  Federal  Aircraft  Factory) 


UNITED  KINGDOM 

Ministry  of  Defence,  Research,  Materials  &  Collaboration 
Mr  D.  Bergham 
CAARC,  Secretary 

Royal  Air  Force,  SQN  LDR  H.  Villingray  . 

Royal  Aircraft  Establishment 
Bedford,  Library 
Pyestock,  Director 

Commonwealth  Air  Transport  Council  Secretariat 
British  Library,  Document  Supply  Centre 
Aircraft  Research  Association,  Library 

UNITED  STATES  OF  AMERICA 

NASA  Scientific  and  Technical  Information  Facility 

US  Navy 

Commander  Patrol  Wing  Pacific  Fleet  (RADM  J.J.  Hernandez) 
COMNAVAIRPAC  Code  722  (CDR  M.  Graves) 
COMNAVAIRLANT  Science  Adviser  (S.  Boyd) 

Naval  Air  Systems  Command 
S.  Bazaro 
D.  Peckham 
Eng  Class  Desk 

Naval  Air  Test  Center,  R.M.  Chubb 
Naval  Air  Propulsion  Center,  H.  Chun 
Naval  Aviation  Depot 
A.  Rivera 
F.  Ho 

A.  Follet 

US  Air  Force 
Pentagon 
A.  Olsen  LEY 
Col  P.  Thompson  LEYY 
Action  Officer  LEYYC 
Kelly  AFB 

A.  Elasser  MMPCRE 
D.  Owen  MMPI 
757th  TAS,  SMSGT  Haseley 

US  Coast  Guard 
LCDR  J.  Stoneman 
R.  Hamlin 
TSGT  D.B.  Daley 

B.  Oliver 

Lockheed-Califomia  Company 
Lockheed  Georgia,  C130  Program  Manager 

Allison  Gas  Turbine  Division 
J.  Leach 
L.  Banks 
D.  Schroft 
J,  Dillard 

Spares  (20  copies) 

Total  (160  copies) 


DEPARTMENT  OF  DEFENCE 


DOCUMENT  CONTROL  DATA 


PACE  CLASSIFICATION 

UNCLASSIFIED 

PRIVACY  MARWNG 


la  AR  NUMBER 

AR-006-100 

lb.  ESTABLISHMENT  NUMBER 

ARL-PROP  TM-449 

2.  DOCUMENT  DATE 

JUNE  1990 

1  TASK  NUMBER  ] 

AIR  88/056 

4  TITLE 

5.  SECURITY  CLASSIFICATION 

A  NO  PAGES 

FLIGHT  TESTING  OF  TWO  ALLISON 

(PLACE  APPROPRIATE  CLASSIFICATION 

T56  ENGINES  MODIFIED  TO  THE 

IN  BOX(S)  IE.  SECRET  (S).  CONF  (O 

10 

ARL  DEVELOPED  LOW  SMOKE 
CONFIGURATION 

RESTRICTED  (R).  UNCLASSIFIED  ((  ) ) 

DO  DD  u 

DOCUMENT  TTTLF.  ABSTRACT 

’  NO  RFFN 

4 

8.  ALTHOR(S) 

P.N.  DOOGOOD 


<5  DOWNGRADING  DELIMITING  INSTRUCTIONS 

Not  applicable 


10.  CORPORATE  AUTHOR  AND  ADDRESS 

AERONAUTICAL  RESEARCH  LABORATORY 
P.O.  80X  4331,  MELBOURNE  VJC  3001 


U  OFFICE*  POSITION  RESPONSIBLE  H)R 

_  RAAF 


SECURITY _ 

DOWNGRADING  _ 
APPROVAL _ _ 


12  SECONDARY  DISTRIBUTION  (OF  THIS  DOCUMENT) 

Approved  for  public  release 

OVERSEAS  ENQUIRIES  OUTSIDE  STATED  LIMITATIONS  SHOUT  D  BE  REFERRED  THROl  OH  OSTU  .  ADMIMVTKa PVf  SI  RS  h'f.S  BRAN,  H 
DEPARTMENT  OF  DEFENCE.  ANZAC  PARK  WEST  OFFICES.  ACT  2h0l 


13a  THIS  DOCUMENT  MAY  BE  ANNOUNCED  IN  CATALOGUES  AND  AWARENESS  SERVICES  AVAILABLE  TO 

No  limitations 


;.1e.  CITATION  FOR  OTHER  PURPOSES  (IE.  CASUAL 
ANNOUNCEMENT)  MAY  BE 


UNRESTRICTED  OR 


14  DESCRIPTORS 

Flight  tests 
Allison  T56  engine 
Modification  exhaust  emissions 


55  DISCAT  SI  HJVi  T 
(  ATI  tAIKICS 

2105 


A.  AHSTRACT 

.Two  further  Allison  T56  engines  have  been  modified  (o  (he  ARL  developed  low  smoke  configuraiinn 
and  placed  "on  wing"  of  separate  RAAF  P-3C  Orion  aircraft  for  extensive  flight  testing.  The  initial  tests 
are  reported  in  this  document  and  it  is  concluded  from  ihese  that  the  modification  has  had  no  adverse 
effect  on  the  performance  of  the  engine. 
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